Abstract-The paper presents a method for the evaluation of variation of capacitance of a dielectric coated two-wire line of parallel cylinders, each of unit radius with a change in thickness of the dielectric along the radial direction. A conformal transformation is used to transform the conductor and dielectric boundaries to appropriate contours extending over a fixed region along the imaginary axis in the transformed plane. Approximating the continuous curve obtained through transformation of dielectric boundaries by a very large number of discrete steps, the expression for the capacitance is derived in the form of a definite integral. Numerical data on capacitance as a function of width of the dielectric in the absence and presence of a conducting ground plane are presented.
I. INTRODUCTION
The capacitance of a pair of dielectric coated two-wire line of parallel cylinders having equal radii has been found by Clements et al. using the method of moments [I] . Numerical data on the capacitance have been determined for the particular case in which the dielectric covers are in contact, and the thickness of the dielectric is the same as the radius of the conductors. Evaluation of numerical results for convergence required the use of 20 sinusoidal basis functions per boundary, and hence 40 expansion functions for every dielectric coated cylinder pair. The order of the matrix to be inverted for computation of numerical data is, therefore, 40 x 40.
The conformal transformation used by Grivet, Smythe [2] , [3], and Pipes [4] has been used for the derivation of the expression for capacitance per unit length of a line consisting of parallel cylinders. Using these transformations, determination of the contour representing transformation of the boundaries of the conductor and the cylindrical dielectric cover over these conductors involves solution of transcendental equations, which require application of numerical method. Hence, the conformal transformations used in [2] -[4] do not permit derivation of the mathematical function in which the transformed contour is obtained as an explicit function of the geometrical parameters of the line.
The conformal transformation available in the literature [5] for transformation of eccentric coaxial line into parallel plate configuration is used in the present work for the analysis of dielectric coated conventional two-wire line. This transformation has the characteristic that with a suitable choice of multiplication factor, cross sections of parallel cylinders of equal diameter symmetrically located with respect to the plane of symmetry in the transformed structure. The same transformation transforms any arbitrary combination of circles into curved lines, extending over a fixed distance along the axis of symmetry. Circular boundaries of the conductors, each of unit radius, are transformed to parallel straight lines. Transformation of the boundaries of the dielectric cover over these conductors is obtained as a curved contour. Conformal mapping of the boundary between two dielectrics is valid because it retains the angle of refraction of lines of force on the boundary [6]. Representing the continuous curved contour as a number of discrete steps, and considering the series combination of all elementary capacitances, an expression for the total capacitance is derived in the form of a definite integral of a single variable, which can be easily evaluated [7] .
Numerical data on the capacitance are presented as a function of width of the dielectric in the radial direction for the particular case in which each conductor has unit radius and 6 , = 3. Capacitance of dielectric coated cylinder in the presence of perfectly reflecting ground plane is also evaluated. The distance D between centers 0 and 0' as shown in Fig. l(a) for R = 1 is given by
The expression for the capacitance is derived for the general case when the dielectric constants of the media surrounding the two cylindrical conductors are different.
The formula for the capacitance is derived by approximating the continuous curves obtained through transformation of dielectric boundaries by a number of small discrete steps as shown in Fig. I(b) . The capacitance of the element n-,h.j of width r l g , and located at y = V I in Fig. l(b) , is determined by considering it as a series combination of capacitances: n n ' , L j , c$';'h'J', and 7':hh'. The location of points n , J, 7, 6, and n', J', ;', 6' is shown in Fig. I(b) .
The elementary capacitances no',j',j, 7';hh' are assumed to be filled with different dielectrics having dielectric constants f , 1 and e,?, respectively. If the width of the dielectric cover over each conductor has identical value, the contours I'J'Ii' and E'F'G' are symmetric with respect to the y-axis in the :-plane. Hence, (6) (7) In (7), f ( y ) is a function of y. Substituting (5)- (7) in (4), and assuming 6 , = f , l = 6, , the expression for the total capacitance takes the form If the conductors each having radius equal to unity are so spaced that the dielectric covers of width equal to unity over the conductors touch each other, it is found from (3) that When the dielectric coated conductors forming a balanced pair are placed at a height h above a perfectly conducting plane, the presence of ground plane is taken into account by considering the image of each conductor at a distance h on the other side of the conducting plane. The total equivalent circuit in this case is in the form of an equivalent r-network, whose series arm is given by (8), and each shunt arm C: is obtained as [8] Following the method similar to that used in the derivation of (9). it can be shown f ' ( y ) is obtained from (2) by replacing .rl by .r;. The total capacitance is given by 111. NUMERICAL RESULTS It is found from (9) that .r1 = cosh-' ( 2 ) = 1.317. Using these data in (2) and (8), the variation of capacitance with radial width rl of the dielectric is evaluated for 6". = 3, and the results are presented in Fig. 2(a) . Evaluating .r: from (1 l), and replacing .r1 by .r; in (2), the dependence of capacitance on height 11 above ground plane with A as a parameter is evaluated using (8), (IO), and (12) for 6, = 3. The data are shown in Fig. 2(b) . The numerical data have been evaluated for 6 , = 3.0, for the sake of comparison to the results of [ I ] for the limiting cases.
IV. DISCUSSION Results of Fig. 2(a) respectively, justifies the validity of the analysis. From the numerical data of Fig. 2(b) , it is found that the change of capacitance with h and A is obtained as expected. The analysis is useful for the evaluation of capacitance for any arbitrary combination of radii of conductors and width of dielectrics.
